Background: We investigated patients with chronic obstructive pulmonary disease (COPD) to analyze patterns and identify determinants of healthcare use, according to the severity of airflow obstruction. We used retrospective cohort data from a combination of the 4 th Korea National Health and Nutritional Examination Survey (KNHANES) and Korean National Health Insurance (NHI) claims.
Background
Chronic obstructive pulmonary disease (COPD) involves progressive, irreversible airflow limitation resulting in disabling respiratory symptoms and devastating comorbidities, all of which place an increasing burden on public healthcare services [1] [2] [3] [4] . COPD is the fourth leading cause of death, but the World Health Organization predicts that it will move up to third by 2030. Furthermore, COPD is often underdiagnosed and undertreated [5] [6] [7] [8] [9] .
An understanding of the patterns of healthcare use is fundamental for the establishment of a healthcare plan geared towards the proper management and treatment of COPD. Data about COPD-related healthcare, such as hospital visits, the use of pulmonary function tests (PFTs), and medications prescribed according to the severity of symptoms, are lacking [10, 11] . A retrospective cohort was created from the combination of data from the 4 th Korea National Health and Nutritional Examination Survey (KNHANES) and Korean National Health Insurance (NHI) claims. The aim of this study was to analyze patterns and identify determinants of healthcare use in COPD patients according to the severity of airflow obstruction.
Methods

Study population
Data for this study were obtained from KNHANES IV, in which a stratified, multi-stage, clustered probability design was used to select a representative sample of noninstitutionalized civilians from among the Korean population. KNHANES IV data included information on demographics, smoking status, household income, education, residential area, self-reported physician diagnoses (i.e., COPD, hypertension, ischemic heart disease, osteoporosis, depression, and anemia), and PFTs. However, we inevitably included self-reported physician diagnosis of asthma in our study population because it is not possible to exclude asthma patients using self-reported physician diagnosis criteria. We describe the percentage of asthma patients in our study in Table 1 . Spirometry was performed by specially trained technicians according to the 2005 American Thoracic Society/European Respiratory Society recommendations [12] . A total of 12,151 individuals from the KNHANES IV data were older than 40 years of age; however, only 57.1% of these individuals (n = 6,934) underwent complete PFTs. Informed consent was obtained from 96.1% (n = 6,663) of the individuals. Their personal information was successfully combined with records from the computerized Korean NHI claims database between January 1, 2007 and December 31, 2010. The entire population of South Korea has been provided with health coverage since 1989 by the Korean National Health Insurance System, which has managed a computerized database for all medical facilities in South Korea since 1998. The following codes from the Korean version of the International Classification of Diseases, Tenth Revision (ICD-10) were used to identify COPD-related healthcare use: simple and mucopurulent chronic bronchitis (J41), simple chronic bronchitis (J410), mucopurulent chronic bronchitis (J411), mixed simple and mucopurulent chronic bronchitis (J418), unspecified chronic bronchitis (J42), emphysema (J43), MacLeod syndrome (J430), panlobular emphysema (J431), centrilobular emphysema (J432), other emphysema (J438), emphysema, unspecified (J439), other chronic obstructive pulmonary disease (J44), chronic obstructive pulmonary disease with acute lower respiratory infection (J440), chronic obstructive pulmonary disease with acute exacerbation, unspecified (J441), other specified chronic obstructive pulmonary disease (J448), and chronic obstructive pulmonary disease, unspecified (J449). Information on COPDrelated healthcare use from the NHI claims database contained the frequency of healthcare visits, the number of PFTs performed, and any prescribed medications. A total of 897 (13.4%) of 6,663 eligible individuals demonstrated an obstructive airflow pattern and were included in the final data analysis. Only 244 (27.2%) of these 897 patients used the healthcare system, and they were assessed based on disease severity ( Figure 1 ). The study protocol was approved by the Public Institutional Review Board (PIRB 11-025-2).
Definition
COPD and severity of airway obstruction
Subjects ≥40 years of age with FEV 1 /FVC < 70% were diagnosed with COPD. The severity of airway obstruction was classified as follows: mild (FEV 1 ≥ 80% predicted), moderate (50 ≤ FEV 1 < 80% predicted), and severe (FEV 1 < 50% predicted). Additionally, normal lung function was defined as FEV 1 /FVC ≥ 70% and FVC ≥ 80% predicted. Restrictive lung disease was defined as FEV 1 /FVC > 70% and FVC < 80% predicted.
Users and non-users of COPD-related healthcare use
A user of COPD-related healthcare was defined as a person with a first and second diagnosis of COPD who used any kind of healthcare resource based on insurance claims data. A non-user was defined as a person with a first and second diagnosis of COPD during the follow-up period who did not use healthcare resources.
Variables
Variables, such as the frequency of healthcare visits, performance of PFTs, and the use of prescribed respiratory medications, were used to investigate patterns of COPDrelated healthcare use (presented as the annual number of visits per person). COPD-related healthcare visits were defined as any kind of visit with first and second diagnosis of COPD. Healthcare visits constituted visits to outpatient clinics, inpatient clinics, intensive care units, and emergency departments. A user of COPDassociated medication had >1 prescription for each drug category per year during the follow-up period. COPDrelated medications were classified as follows: inhaled short-acting β-agonists (SABA), inhaled short-acting anticholinergics, inhaled long-acting anticholinergics (LAMA), inhaled long-acting β-agonist combined with corticosteroid (LABA/ICS), inhaled corticosteroid (ICS), oral theophylline, and oral corticosteroid. Several variables were evaluated to identify the determinants of COPD-related healthcare use in bivariate and multivariate analyses. Variables included age, sex, smoking status, residential area, household income, severity of airway obstruction, presence of comorbidities, and self-reported physician diagnosis of COPD.
Statistical analysis
Data were analyzed using SAS software, version 9.1 (SAS Institute Inc., Cary, NC, USA). Baseline characteristics were summarized using percentages to describe categorical variables, and compared using chi-square analyses. ANOVA was used for analyzing variables associated with healthcare use among subjects classified by severity of airflow obstruction. Determinants of healthcare use between healthcare users and non-users were evaluated by logistic regression analyses, including the following covariates: age, sex, smoking status, residential area, household income, severity of airway obstruction, and physician diagnosis of COPD. Odds ratios were reported with 95% confidential intervals. A p value of <0.05 was regarded as statistically significant.
Results
Baseline characteristics of study population
Among 6,663 eligible respondents, 897 (13.5%) had airway obstruction. Of these patients, 365 (40.7%) were classified as having mild obstruction, 470 (52.4%) with moderate obstruction, and 62 (6.9%) with severe obstruction according to performance on PFTs. COPD was more prevalent in men. Self-reported physician-diagnosed COPD comprised only 3%, and self-reported physician-diagnosed asthma comprised 3.7% of the 897 subjects ( Table 1) .
Patterns of healthcare use by severity of airflow obstruction
Of the 897 respondents, 244 (27.2%) used COPD-related healthcare services. The frequency of healthcare visits increased with increasing severity of airflow obstruction (p < 0.01). Subjects with severe COPD visited healthcare facilities most frequently ( Figure 2 ). Among those patients with airflow limitation (N = 897), there were initially 870 (97%) undiagnosed COPD patients and 27 (3%) selfreported physician-diagnosed COPD patients. After the 3-year follow-up period, 74.2% (N = 646) remained as undiagnosed COPD patients and only 25.8% (N = 224) were diagnosed and treated as a COPD, among initially undiagnosed COPD patients (N = 870). Seven patients were untreated among initially self-reported diagnosed COPD patients (N = 27). Only 27.5% of the 244 participants with airway obstruction who used COPD-related healthcare underwent PFTs during the study period (data not shown).
The percentage of patients undergoing spirometry increased according to the severity of the airflow obstruction (p = 0.03) ( Figure 3 ; Table 2 ).
Patterns of prescribed medications according to the severity of airflow obstruction
The percentage of prescribed medications associated with COPD increased in accordance with the severity of the COPD. Oral theophylline was prescribed as COPD treatment for 44.6% of healthcare users, and 21.7% of users were also prescribed an oral corticosteroid (data not shown). The percentages of prescribed oral theophylline were 33.8% for mild obstruction, 41.4% for moderate obstruction, and 73.8% for severe obstruction (Figure 4 ; Table 2 ). SABA was prescribed for 94.6% of patients with mild airway obstruction, 82% with moderate obstruction, and 61.9% with severe obstruction (data not shown). LAMA was prescribed for 10.9% of patients with moderate airway obstruction and for 52.4% of patients with severe obstruction. LABA/ICS was prescribed for 50% of patients with severe airway obstruction (Figure 4 ).
Bivariate and multivariate determinants of COPD-related healthcare use
Bivariate and multivariate determinants influencing COPD-related healthcare use are presented in Table 3 . Independent variables included in the multivariate logistic analyses were age, sex, smoking status, household income, residential area, severity of airway obstruction, presence of comorbidities, and self-reported physician diagnosis of COPD. The determinants of COPDassociated healthcare use in participants with obstructive lung disease were advanced age, severe airflow limitation, presence of comorbidities, and self-reported physician diagnosis of COPD. 
Discussion
In this study, patterns of healthcare use in subjects with COPD were assessed based on representative, nationwide epidemiological cohort data combined with Korean NHI claims data. The NHI system provides an exact and reliable computerized database for all healthcare service use for the entire population of South Korea. A few epidemiological reports on COPD-related healthcare use exist in the literature [10, [13] [14] [15] [16] ; however, reports on the association between healthcare use patterns and COPD severity are scarce. Our study also identified a total 27.2% (N = 244) COPD-related healthcare use rate. We observed an increase in use according to disease severity, which was a strong predictor of future healthcare use. However, PFTs were performed in only 27.5% of patients with COPD. Medications prescribed for COPD in Korea were mainly oral theophylline (44.7%) and oral corticosteroids (21.7%), regardless of the disease severity. The major determinants for COPD-related healthcare use were advanced age, disease severity, presence of comorbidities, and physician diagnosis of COPD. These factors should be considered in health plans and in disease management programs for COPD. The present study showed that total prevalence of COPD based on PFTs was 13.4%. The prevalence of COPD in other countries varies from 7.8% to 19.7% [17] [18] [19] . In our study, the percentage of self-reported physician-diagnosed COPD was 3% (N = 27) and the percentage of PFT-based undiagnosed airway obstruction was 13.1% (N = 870). These findings are similar to the U.S. NHANES III study published by Coultas et al. [20] , in which the percentage of doctor-diagnosed COPD was 3.1% (N = 179) and of undiagnosed airflow obstruction was 12.0% (N = 688). Other national data reveal that <6% of the adult population has been told by a healthcare provider that they have COPD [4, 6, 7, 9] . The reasons for underdiagnosis of COPD include low usage of PFTs [21, 22] , lack of awareness of COPD, poor physician adherence to guidelines [23] , and lack of educational programs on COPD. Asymptomatic COPD patients do not tend to use healthcare services. Most primary care physicians diagnosed COPD based on patients' symptoms and smoking history [21] . Objective diagnosis using PFTs tends to produce higher prevalence estimates than patientreported diagnosis. The underdiagnosis of COPD is likely to result in substantial morbidity and mortality. The Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommends that PFTs be used for the clinical diagnosis of COPD to avoid underdiagnosis, and to ensure proper evaluation of the severity of the airflow obstruction [4] . Other studies also reported that PFTs were underused in detecting patients with COPD and confirming the diagnosis of COPD [24, 25] . Dyspnea, coughing, wheezing, and smoking history are not specific to COPD [24] . PFTs can detect asymptomatic COPD early, which allows for risk factors to be modified (i.e., smoking cessation) [25] . Early detection of COPD is important in Korean men because of that country's high male smoking rate relative to the female smoking rate (60.6% vs. 5.2%, respectively) [26] . Han et al. revealed that only 32% of COPD patients in the United States had PFTs performed within 2 years before, or 6 months after, diagnosis [27] . Our study suggested that the low rate of PFTs performed (27.5%) might be associated with the underdiagnosis of COPD in Korea.
Interestingly, the percentages of prescribed oral theophylline (44.6%) and oral corticosteroids (21.7%) were high regardless of the severity of airflow obstruction in our study (data not shown). The high prescribing rate of oral theophylline may be associated with patients' preference for oral medications in Korea. The low prescribing rate of LAMA and LABA/ICS may be related to underdiagnosis of COPD. The GOLD guidelines clearly outline which classes of COPD medications should be prescribed according to disease severity. A few reports demonstrate that COPD treatment guidelines reduce healthcare use and mortality [28] . Nevertheless, physician adherence to prescribing guidelines and patient adherence to drug therapy remain poor [10, 29] . The COPD Resource Network Needs Assessment Survey reported that 54% of primary physicians and 94% of pulmonologists under-prescribed recommended pharmacological treatments despite acknowledging awareness of the current COPD treatment guidelines [30] . Park et al. showed that 56.7% of primary care physicians in Korea knew about the GOLD guidelines and 61.8% had spirometry equipment. However, PFTs were often underused because of problems with spirometry equipment, refusal by patients, and unawareness of the importance of screening patients for COPD. Common respiratory medications prescribed for stable COPD included oral theophylline (24.9%), inhaled anticholinergics (22.1%), oral β2-agonists (17.1%), and inhaled β2 agonists (15.7%), which was consistent with our results [31] .
Our study revealed that the severity of the airflow obstruction was one of the major determinants of COPDrelated healthcare use. Some authors have suggested that comorbidities or symptoms were more relevant determinants than the severity of the airway obstruction in determining healthcare use [16, [32] [33] [34] . Other authors showed that the severity of COPD was strongly correlated with healthcare use [29, 35] . In our study, subjects with moderate and severe airway obstruction used healthcare services more frequently than patients with mild obstruction. Additionally, in our study, age and comorbidities were also identified as determinants of COPD-related healthcare use [32] . Unlike other studies, household income [15] and smoking status [16] were not related to healthcare use. In this study, self-reported physician-diagnosed COPD was also a major determinant of healthcare use. Lack of knowledge about COPD may affect the use of healthcare, but further study is needed. However, we did not include acute exacerbation events with the classical criteria of acute exacerbation. In those criteria, acute exacerbation is defined by an acute event characterized by a worsening of the patient's respiratory symptoms that is beyond normal day-to-day variations, and leads to a change in medication. In most studies concerned with acute exacerbation of COPD, moderate to severe exacerbation of COPD is defined by an emergency room visit or admission due to COPD. We analyzed data regarding COPD-related admissions to hospital and visits to emergency departments, which can be considered as involving moderate to severe exacerbation of COPD.
There are several limitations to our study. First, the follow-up period was only 1-3 years. Second, results from this study cannot be generalized to the entire Korean population over 40 years of age. Participants in this study might have been relatively healthy, while sedentary patients with severe airway obstruction might not have been included in our study. Thus, we cannot entirely rule out selection bias. In addition, healthcare users comprised a small sample size. Further studies need a larger, nationwide sample with a much longer follow-up period. Third, eligible participants were selected using a fixed FEV 1 /FVC ratio, and airflow obstruction was determined without consideration of the decrease in pulmonary function that occurs with age. COPD among the elderly in our study seemed overrepresented [36] . Furthermore, lung function data from this study were based on pre-bronchodilator PFTs, and the inadvertent inclusion of asthma patients might have skewed the results. In addition, in the survey questionnaire, we had questions regarding self-reported physician diagnosis of asthma. In doing so, we were trying to exclude asthma patients, but it is not possible to do this using self-reported physician diagnosis criteria. It is a limitation of nationwide surveys, and it is not possible to differentiate COPD patients from asthma patients in the KNHANES study. We could not exclude from this study population asthma patients older than 40 years of age who had airflow limitation. As a result, we analyzed patterns and determinants of healthcare use in patients with airway obstruction, which might have included cases with COPD or bronchial asthma. We tried to clarify data from COPD-related ICD-10 codes in NHI claims during the 3-year follow-up period. Therefore, the number of patients who did not use healthcare resources might have included cases with COPD or asthma. Fourth, identification of patients based on insurance claims data also relies on the correct use and input of codes into the computerized insurance database. It would have been useful to have data regarding nonpharmacological interventions such as smoking cessation, physical activity, rehabilitation, and vaccination. Unfortunately, we could not extract information about non-pharmacological interventions using COPD-related claims codes from the NHI claims data, because nonpharmacological interventions are not covered and reimbursed by the NHI system in Korea. This is also a limitation. Last, we could not analyze data about respiratory symptoms because major questions about such symptoms were not included in the survey questionnaire. We accept that the absence of analysis regarding respiratory symptoms is a flaw. These factors could influence major determinants of healthcare use [16] . There is still debate about the use of spirometry vs. symptom questionnaires [37] in the screening and diagnosis of COPD. Future studies should analyze the severity of airflow obstruction with well-established lung function questionnaires.
Conclusions
Among patients with COPD, 27.2% used COPD-related healthcare services. Only 27.5% of the 244 participants with airway obstruction who used COPD-related healthcare underwent PFTs. The percentage of prescribed medications associated with COPD increased in accordance with the severity of the COPD. However, oral theophylline and oral corticosteroids were mainly prescribed. The determinants of COPD-associated healthcare use in subjects with obstructive lung disease were advanced age, severe airflow limitation, presence of comorbidities, and self-reported physician diagnosis of COPD.
